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Human futeuees Remeere 


PORE WORD 


In (UHH, Giumien Balenoes Hesaareh, lie, intiiated a peseareh pras 
gear alined al syisheale of ayston Fanearah mothodGiogy, ‘The program 
ln under apar pehip of the Poraonnel and Tralging Arenoh, Payedholowl: 
tat Hofenies Gieision, Offiaw of Naval Qegnaech (Contrast Nant Shek), 


The central ima af the program are io eyatematioally reyiew and 
integrate the meghods whieh have beon employed in studies af complex 
iene Tinihiie Ayatema) ly compare alternative motlisdsy and procedures 
Whieh have been used ie carry out various atepe of aUOh Byetem atudien, 
and in determing the major methodological weaknenses requiring eaneane 
itated renearan effort, Bubsidiagy alia are io develop a frame af pater: 
enée and @ commen tanguage withti the ayatean Pewearch donjain to ald 
BO RIBURICALON kmGhg aeleniete from diverge dlecipiings, and to sugges 


Henne of applying existing methods ty ow prehlem areae, 


Phane Lat ihe program wan a feagibility atudy in which a general 
framework for analyale of methadslogy wee develaped, Phase H called fap 
valldauian and eefinement of thia framework by ulillaing i in the conduct 
tf giveral Gogoing system feeeReen iV venligations, Thirtag Phage | 
fecal) emphaels was placed upen integration of mothody far ane key atage 
of (he ayatem research procesd:-<eutaljiahing ayatem and aub-syeten 


PREP ORIANLR, 


adult of the fegearch program are presented in a serciaa af 


Paporte listed at the end af this paper, ‘Pais te report #5 in the euriaa, 


it describes the methodology aaed in develapment af requirements far 
dealg@n af dlaplay feand contrale far the eackolt af w manned Honea vehtolo, 
The destgn atudy withia which the aludy here peporied wae earrind 


ul wie Conductad for the Air Force by a large arrerafi manufacturer, 
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The etudy reported hare da part af # fraBibiliy and denign tus 
conducted by & larwe alropadt manuiaeturexy under contemet ta the Aly 
Force, ‘The oblestive af the niidly wee design of a Manned apiece lent 
ayALeM, 


Tie total design effaee WES, Of oBurde, divided AMG a NuMBER 4 
OUNPRRIGH, BRonGinA, and a i al se Shon having lis epeelsl area of 
imremd; Biss Mwldehee Bub-avatem, booster HUD ay Rte, COmmunination 
pe ca Two parte af thle lntger offart were concerned with the 
manned fapecte af the ayeter) 


‘, Pimean fadtore in the fll uhh vehiols, 


a, Human factors in the BPOURG BUppPArL ayatem, 


THs Pepert will be conserqed Only with the former, 


The human factora offart had several goslal 
*, Hetablishment of deaiga requirements for display faces and 
Controls, 


Dalermination af design requirements far the RTHEN MyEy | Ptiny = 
Mental Huppert ayeterm, 


bh oh 
BS 


a Speciation af Alghi erew tratning Te Peete, 


The preaent paper focuses on the fleat of these poate, 


Phe Peeeapah problary waa dafiner 3 is the #et of tistlona foe which 


SNeWElSs wore sought, The questions included the follewiag: 


i. What oheuld he the ailneation af finetians between mea Hr; 
ioathine 4 


4. Whetl alae should the crew be} 
4. What tafore ntian sheuld be Brsaonted to the oneratay » 


4d. What canerst rApRH Tiles ahould be piven to ihe Operator 9 
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fi. Where alould the diaplaye and controls he jilanad? 
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8, What fora should they take? 


Although iheaa dame questions can be aeked In many differant 
ferme, they redues, eeaenilelly, to iwe baste queatlons) 


i, Wet pele should man play th ihe oyatem ? 


ry 


#, How fan ne best ba equippod tn partarns (nat tale? 


The mathedalagy omalayed ia the human factars approaoh ta these 


Gieaiions is the focus ef thie paper, 


Certiin avyaiem raquivamania were established b¥ the Alp Fares 
aa ihe ladle non whleh the evita ttties Ateuld progiued, The iniilal 
fnethouological prablem af tie design study was to trace owt ike deiajled 
linplioauions of thia set of general ayatam requirements, Far evenly, 

a ore FeduiPonient wis tated whioh, when oiasidered in cambl - 
nation with the state-of-the-art af prapellanta, gaye pide te a maximuMn 

ae Faquirement, "Thin requirement imposed a weight imation pray 
avery aloment of system design, whieh in turn Hentted the dealgn alterna = 


ives that could be considered at each design loved, 


Within the human faotare aren, the linplicatlona of syatem require= 
Wana wore traced aut by a series of anaLigiea eycles, designsd to precedes 
Pragrodslvely more detailed atviemouts of dealgn requirements aad spect 
fliegiiand, Tis fire cyele began with the Zeneral sysieM Paquiraments, 
Infervm tion was eallected and aynlhesiged inte a flesat appraximation af a 
MABL aolulluns «a Preliminary seft mockup of (he upy pater displays and 
eonipais, ‘Phe o ‘YO Wae Papeatwd several (linea in the courne af the pra. 
Jeri, each time yielding more detailed reeulta, more backup material for 


deaigh deciuiona, and modifications redulred by Chanter in Other anpecta 
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of the dealgn, 


The approach, consisting of # number of aucoonaive AppPrik MAMGNS 
Miler than a etep hy step progremalan io the fal aglution, Wan chasey 
bedhise of the conBtaat atate of Mux in infarmation abit other aepante of 
ayiten design, Such a ave ef fluw appeare to he the Pule in early wlaRes 
of large aystem design atudies, ‘Pha teal ayatiem te divided inte plores, 
eRCH heing worked on dimultaneously, Hach part of the effort pracaeda as 
the brain of cerinin aamenptlona abit other PAPER OF ihe ayslem~ «tit thee 
AAMUApLONS fre caneinitly ehanging, 1 lH not peamonaale, therefore, (0 
#UaRIOt to Os prematurely any of the parameters with whioh Yio rat 
Work, Tt would probably be inaftiolent ta proceed step hy atep, one time, 
through thy wisps néceanary to presen design concluatons eunoerhing Ain« 
playa and contvald, because by the tine the final Blep wera Foachad the 
information on whieh early atepe were based undiuhiedly would have 
changed, 


Hach oyele oonstated sf oallection and ayntheate of information, and 
wopPopriata evaluations, in the early evelern Of the human factors researeh 
effort, ovehiation was neceaaar ily lindted te logical ankivels of internal 
consistency af the detailed requieemonte, consistency of the dealan (design 
integration), and capability af the dealgn ta galinfy deslan Pauulremnoanta, 
ln lator oyelas, aftep development of the hard maokup of the trisctar af 
the callin, evaluation included ase and reach teats of the displeyse and cone 


rola ln the pilot stauan, 


The apevific methada by which thers auccsealyve OyWiga Were 


Carried ott gre dosecribed ia the AeRL Aaectdiagy, 
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Bpocifie Methudulogy 


PEP METH aNr 


Bhase/ Function Analy sia 

Tha fifa raejor step tn the human faviorve effort wae & daseripiion 
ofthe syatam in terme of the fanutlana ick it munt perform in apder ta 
fulfill apaiem rPoquirenienie, and & specifieeiion af die tlmes in the aiissloa 


when ihe funetiona aust be performed, 


The analysie beget with a aiktement of ayster requirements, Then 
H set ut functioning which the ystems munt acoompllan were aetabliahed hy 


ingloal deduetiun, THase principal funetiuns weee furiher dalinerted inte 


Huksfunelong, They wore jot apecifoally assigned io man af mrahing, 


At tha @amie time, 4 baaie Hilasion wae selected and divided ini 
cunvediant plissear, which fepreasniad auccesalve ime perigda more or 
wae homogeneous ii goals and antivities, Then the functions and sub 
functiola wove laid Qui in (apie of phages, and the funetional ariivities 
required far ench aubsfunetion within eich phase were apyaified, This 
mats of functional setivitiers wrovided the haaie pequlremeania apon whieh 


AUbse yen MeReAPen Steape were based, 
Man: Machine Allocation 


The second majer analyeds tamk within the human feciora effert was 
a dgiermination of ihe praper atlovation of funetigne to man and ta mardine, 


Two general anurcesa of iiforwation were uillised: 


i 


st 


The body @f knowledge oGnheerning performance capabilities ane 
litaliationie of the hauimanin labke #jmidier io thage cailed far in 
(he ayatein. 


¢. ‘he atate-of-ihesart of equipment capabilities for tage required 
in the aynatern, 
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WK respadt 6 the former sures, @ review af eumim secon af i 
Inte Huinker of experimentel atudiee of manta performance undep varioue 
leak and wituetional conditions proviled eattmatee af the performance vapa- 
Hes Of han With Peapect to the required finctional aeiderdles, Ag ty the 
later anurce, work on other parties af the total aysterm offort wap ra: 
Viewed ta determina the nub-nvatema and Bagoelated equipuient propoaed 
for inelusion withli the tentative Ayaom deaign, and the gubofunstiais 
aid finetional antivities whiell hey were @alened to seoomplian, 


Theas two sia af information were brought together and Pelatad 
le the required hinetianal getivities whieh had been identified, A aymtenne 
Ato PaVioWw GP wach aetivity da terme Of mashing aad Hunan Capabilities fay 
lin perforimance led io ite (entative allesation 10 Man GF lo Various types 
of ayinment. Thia tentative alloestion provided a first approximation af 
4 "Wesign soluttan" fram the hunian faetara paint af view, 


This partion af the mtudy methodology marks tha weakest link in 
SuPPant hanian fantara mathadala Ay; While a ¥vaat amount of afapirioal 
data axinta, there ia, aa yel, no eaniproahensive, ayaiematio and geepal « 
feable eiaioment of human performance Capabilities aad limitaliona, nor 
is Tere 8 eorivaen lANgUAYSe Within whieh hitmen and machine perlarniance 
van be degeribed and compared. Thereface, en allooation of sytem tanks 
1S THAN GA te Machine wtihl ve yale largely on intuitive procedures, Th ean 
be, at a & Pough ApAroalMaAlun; and thora (9 no agsuFane that it is 


Aa Oplimel 6p even a feasible selution. 


he gecond Operational Ana lyeta 


(i Wid Peoagni ned LhAL proc dures were needed to # pvaluato thw 
menabhility gf the tentative ablgoatian of fANHM 1 the mien, arveb te eure the 


Optiioal matching of man and machine eapabliiiies, Buch quantituties 


P ae accle | Hoy vole a tee ee Te _ a — sy = 
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Tiethods 46s presen(ly in an eariy stage of developinant, Roweven, lie 
wludy (Gk adyaniage of recent advances in the area by De. 7, Beyudere 

©. H, binddulat, and Bb, Groaa ef Minneapolle-Hontywait, * peo itt « 
cally, # aesond=by-aecand operaionel andlyela (GGA) of the latal fight 


milaaion waa conducted, 


The S904 considers the oackplt a aezua of information channels, 
wiih ihe pilot as the aennecting Hak between the (naui and output cheanels. 
information channels which bee avellable jor dleplay i the pilot are cane 
sidered input channels, Channele through whieh the filet exereises cantpel 
(introduces infermation jnte tie Syetem}) are considered output chanhela, 
The ROA analyser a ivpicul mlegion oF sert Of A nileelan ia bering of ine 
fluw of information through the cack, This Mew of Infortastian through 
Hie écchpll {8 Gone ilered to he an infarmation exchange between the pilot 


and the vaeticle, 


The information careied by lnpid channels is exarnined GA a mileston 
tino-tine, to determine the traquency os Pate af monitoring required, 
in the following fauhlan, The arror limit af euch taforma tion paramegier- 
ihe value beyond which the parameter cannel go whnoul a wens CRLAM © 
Lroptes« {y agtablished, on the bagia of data abaut the physics! and dyawmic 
iharkoteriation af the syatem, or almilar systema, snd ihe anyiranment 
in which the system will apuvate, ‘The erros ratess tha miagimum rate 
at whioh the parameter oan change frain & desired or poral condition: « 
if determined iia alma fisnaer, Berer faie and eprar limit are [he 
used ta determine the ssintinuim titie fea Je Pparaineter ta ec hanger Peis A 


norinal eanditien ti the iit, If ia baduried that menituring the channel 


Lindd@iieat, ©, fo omit Groes, A, i. Human daginmering mune 
machine #tudy of A weapou ayelem, Minneapolia: Minneaptiiae: Huray well 
Hegulaior Company, Oetober 1088. (MM Awre Report Ne, ie D 60n4) 
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at (niorvmta of at ledet one half the nunlmium time mables the parameter 
io he oontrellad within tolarenee Limite, Tie pequived pyenttoring rate 
for each input liformation channel la datermined In tila manner, Then, 
the tine requirdd to fasta an and inlerpret e6ch liforination paramaler is 
determined, alther by caleuiationsa based on exleting human factors data 
ABOUT Aina foehones tine and dala pPaLeaeing rates, or by experimental 
dotomvninaiion, A eliniiar determinsiinn ta ales made with cospiet tO 
eiipul fafarmeation teantred antiona}, 

The bavic SOA daia chart dietw inpui and output Information dows 
the avdifinta, and llaia tipas, fren beginning 16 end of 4 given mission, 
wlong the Abaclaga, ‘Phe celle of the peauliing matrix are used to (ndiests 
Whether e@ given channel dass or dees mint require attention at each gecoad 
In the faigelen. ‘Phe aet effee( of tives aperationa ia io radios the total 
isALiON Mow thycuah the caokpit (6 & common metrie, ime, 


Note that determination af @rrar Minit and aerar pete ia tn part 
hound to ihe characteriatiis at the overeall design and He propaged 
equipment, Pie, the SHOA is nat carrled aul Independent of at leaat « 
lontative dealgn olution, TH whould oisa be nated thet the BOA beplii 
iWith @ wet af vemiired Information parameters. A let of input and auiput 
informadion which could teagonaily be coneeived of as veluwile te the 
fentroller jautomatio or pligthip compiled, The warking out af eprar 
rates vppor atita and {sation tines may indloate that seme of the 
informaiion channele are unimporlagt and could ha eliminated, However, 
here la ne aymlomiaiic cheek without SOA procedures by witch additional 


Feguieed information can be idenutind, 


The GGA provides a sequential and quantified desertion of the 
iforination exchange whith eceurs between the vyehlole ane’ the ailet during 
typical mingion, Phe data provided by the AIGA in at the mont apacifie 


level of detall pequirede> whather or nat & given infermaton channel ls 
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itilived in #acn second of mlesion time, Uf provides the lable for a pumber 
of tidigon ueehil in evaluation of the allopathua Gf fusetons and in providing 
guidance for dealpn of dlaplays and conttgls and for thale aerangement withe 


in the coup, 


Bu Work Load Aug lyals 
tne fap af summartyation of ihe faale MAOA data ylelda indisgs 
Gf operator work load for éach time intgevel in ibe iission, Por the work 
land afalyaia, the taiulnn simiement of each diserie lafermetion exchange 
heiweer the pilot and the remainder of the syateny id BuMmmarl ser ove! 
nuime arhiteary Wine intervals» say ten aecanda, ‘Che time required ta pare 
forta all infiscmatian exehonges during any aebiteary Gine interval, divided 
wy the dtah dine viterval, vielda the prapartion af the total time witiin that 
interwal during whieh the operatar (a geoupled, ‘Thin PrQpertian repreawante 
the aparitor lead, Operator jowd oan fangs from 6 ta dpeater than LOO%, 
Laade aver S0O% indledte overload on (he eperator during thet time interval, 


and garformunees deprement would be aupedted, 


The werk jead analysia provides a menna far determining in ad« 
vaniy the average load reqilped of the pilot during eaeh interval of the 
Nilgalen, and conseguantly for identifying pointe of likely overload, Ainee 
overload if Akuoelatod with performances deorement, iL ie aritieal to ideqii- 
fy ourode af ptential overload mid to eliminate them by monn of design 


ohanges preier te soul Might, 
Link Analy sia 


A second way in which BBOA information can ba usefully sumirnary¢- 
adja inthe form of a lis amatyeia, A dink te defined an a shift of percep: 
ual attention from ane information souree to another, The link analyais ie 
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Garried aut by counting the number of tines tach pair ef channels le aiiend> 

| i ad {0 if duvwesdion, Feira of channela #iitah are frequently used in suceeR. 

i sien obtain sigh link valusea while low iink values are agwigne pala of 

| hatinela which are sald@n of never used in sequences, The iain analyale 

provided hagte data from whinh deciatons canesening grouplagn Or Lailegra> 

: tlan of diaplay and conirela wore made. 
; 
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f 

: 

f 

f BAOA date ware lag summarised by counting the number of timer 
#BGh channel is ueed in the course af a miasion, Sub fotale con be Gbialned 
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